Introduction
Clostridium difficile is the leading identified cause of nosocomial diarrhoea associated with antibiotic therapy. Following several high profile outbreaks substantial efforts are being made to reduce the occurrence of C. difficile in hospitals. Recommendations for the control and management of C. difficile infection (CDI) were first produced in 1994 , but underwent review in 2009 (Department of Health Working Party, 2009 . Approaches leading to a successful control have focused on restricting antimicrobial usage, providing an isolation/cohort ward, improving hand washing and reducing environmental soiling. The recommendations from the Department of Health include a protocol, which was developed at Heart of England NHS Foundation Trust, for the rapid investigation of periods of increased incidences of C. difficile (PII), defined as more than two cases on a ward within a 28 day period. The following actions are taken once a PII has been recognised: (i) Informing clinical director, consultants for patients involved, matron, ward manager and directorate manager; (ii) Conducting a weekly C. difficile ward audit (referred to locally as a 'tracker') until the weekly score is >90% in three consecutive weeks; (iii) Carrying out a weekly antibiotic review; (iv) Cleaning whole ward using Chlorine releasing agent; (v) Undertaking ribotyping of C. difficile isolates from the ward; and (vi) Holding an incident meeting if necessary. The aim of flagging a PII (which would include both toxin positive and toxin negative but PCR positive strains of C. difficile) is to act quickly so further spread can be avoided. Since implementing the actions above our trust has seen a reduction in the number of periods of increased incidence on wards from an average of 12 wards per month at the start of 2008 to five wards per month at the end of 2008 (Hardy et al, 2010) and continues with an ongoing year on year reduction.
The audit used for wards with PII includes assessing the ward environment as well as questions regarding the cleanliness of equipment, particularly commodes and the sluice area, but relies entirely on visual inspection. Although this is important in providing assurance that the commodes are not visibly soiled, it is well documented that visual assessment is a poor indicator of cleanliness (Sherlock et al, 2009; Carling and Bartley, 2010) . In many studies the environment appears visibly clean, but is unacceptable microbiologically (Griffith et al, 2000; Malik et al, 2003) . Visual assessments also tend to focus on areas such as floors and walls which have a limited role in transmission (Carling and Bartley, 2010) . Adenosine triphosphate (ATP) bioluminescence measures the amount of total organic soil including micro-organisms on a surface in relative light units (RLU) and has been compared to both microbiological assessment of the environment and visual inspection (Aycicek et al, 2006) . In the studies by Griffith et al (2000) and Malik et al (2003) , 82% and 90% of sites were visibly acceptable compared to 24% and 0% using ATP and 30% and 10% using microbiological standards. One of the difficulties in assessing cleaning is in the establishment of what is an acceptable standard of cleanliness, with microbiological standards being proposed by Dancer (2004) .
ATP measurements can be used in different ways to improve cleanliness. One method is using pass/fail system for each site sampled or another is by the use of feedback of actual ATP RLU data in a continuous improvement method and not setting any boundaries. One of the problems with using continuous improvement is the interpretation of the results to staff and the necessity for very frequent sampling. A major advantage of using a pass/fail system is that it is universally understood, with staff being able to relate to the results very quickly, and it enables comparisons between different ward areas. However, at present there is little data regarding what is an acceptable level, with Griffith et al, (2007) proposing 500 RLU as an acceptable level, but Lewis et al (2008) proposing that 250 RLU would be a realistic benchmark. To date there have been no studies using ATP in the control of clusters/outbreaks of C. difficile in a standardised way.
Aims
The aims of the study were firstly to determine if the length of time a ward remained on the audit was reduced if environmental monitoring with ATP and reporting of results to the ward was undertaken, and secondly to establish if certain pieces of equipment had continually high ATP counts requiring wider interventions.
Method
The study was undertaken during a 22 month period at one trust that covers three hospital sites and has over 80 wards. The typical ward size was 28-32 beds. The study was split into three periods (A, B and C), with the only difference between the three periods being the use of ATP monitoring during period B. Study period C was included to determine if any possible reduction achieved using ATP would be sustainable. For all study periods, wards with a period of increased incidence (PII) of C. difficile were identified by the infection control data analyst on a weekly basis. This was defined as two or more post 48 analyst on on a weekly basis. This was defined as two or more post 48 hour cases within a 28 day period. A post 48 hour case in the UK is considered to be attributable to the hospital and refers to a sample taken on the fourth day or later of an admission (where the day of admission is day one). Upon identification the following actions were carried out: (1) All C. difficile positive faeces samples were sent for PCR ribotyping to determine if the increase was due to an outbreak of the same strain type.
(2) All wards were commenced on a C. difficile audit which was undertaken by a member of the infection control team. This audit aimed to identify areas of poor practice and covered the following areas: (i) correct hand hygiene, (ii) environmental decontamination in sluice, bathrooms and toilets and manual handling equipment, (iii) isolation and care of patients with C. difficile. The ward remained on the C. difficile audit until they had achieved three consecutive passes (>90%) and had not had any more new cases of post 48 hour C. difficile.
(3) All of the ward surfaces were cleaned with a chlorine releasing agent (4)4. The consultants of all patients involved, directorate manager and matron were informed of the increased incidence.
Once a PII was identified during period B all wards had ATP sampling undertaken at the 18 sites detailed in Table 1 on a weekly basis by an infection control nurse. Sampling focused on those items generally in the immediate patient environment (or patient zone as described by Sax et al, (2007) , or items frequently touched. To ensure that quenching of the ATP bioluminescence reaction did not occur due to the levels of hypochlorite all sampling was carried out in the afternoon with all general ward cleaning being carried out in the morning. A level under 500 RLU was deemed to be acceptable (green code), with levels over 1,000 considered to be unacceptable (red code). A result between 500 and 1,000 RLU was given an intermediate rating or amber code (Griffith et al, 2007) and local data. All results were recorded on the 3M Clean-Trace NG instrument, uploaded using the 3M BioTrace software and then reported using red, amber and green charts, detailing the sites that had passed and failed. All results were fed back to the ward along with the audit results in a timely manner, during a discussion between the infection control nurses, nurse in charge of the ward and a domestic representative. The infection control nurses continued to take ATP samples and provide feedback until the ward achieved three audit passes.
Results
A total of 45 PIIs were identified during the study period (January 2010 to October 2011). During period B when ATP monitoring was implemented there was a total of 12 PIIs. Each PII contained between two and four patients and ribotyping confirmed five of the PIIs to be outbreaks, four of which were due to ribotype 174 and one due to ribotype 020. The minimum number of weeks the wards were on the audit or 'tracker' was three, which occurred in just one case, and the maximum was 10, with an average of 6.5 weeks. 1  Blood pressure machine  10  Macerator handle  2  Commode  11  Nurse station desk  3  Computer keyboard  12  Patient call button  4  Computer on wheels  13  Patient line  5  Danny centre  14  Patients table  6  Door handle  15  Telephone on nurses station  7  Handle on drugs trolley  16  Toilet seat  8 Handle on notes trolley 17 Top of curtain rail 9
Hoist handle 18 Inside door handle sluice ATP sampling was carried out on 121 occasions, with a total of 2,178 samples being taken. A total of 379/2,178 (17.4%) samples had greater than 1,000 RLU and were considered to have failed; while 364/2,178 (16.7%) of sites had between 500 and 1,000 RLU and were considered intermediate. The average number of fails per sampling visit was 3.1 and intermediates 3.0, with a minimum of 0 and a maximum of 12 out of the 18 sample sites. There were 19 occasions on which there were no fails. The percentage of sites that failed on each of the weeks after commencing ATP monitoring reduced (as detailed in Figure 1) , The percentage did increase in week 15, but this is due to the sampling being from just one ward. The same reduction was not observed for the intermediate scores where there was no reduction in the percentage of sites over the weeks of sampling.
When a comparison is made (as detailed in Table 2 ) between the seven months preceding (period A) and the seven months following (period C) the period of ATP monitoring a similar number of PIIs were identified, 16 prior to the ATP monitoring and 17 in the post ATP monitoring period. The number of confirmed outbreaks differed in the three periods, with the pre ATP period (period A) and the ATP monitoring period (period B) being comparable and having three and five confirmed outbreaks respectively and the post ATP monitoring period having 10 confirmed outbreaks. The number of patients involved in each PII was comparable in the three time periods. The length of time the wards were on the audit decreased from period A to B when ATP monitoring was introduced and was sustained when ATP monitoring was withdrawn.
The sites that most frequently failed the ATP monitoring were the frequently touched computer on wheels (33.1%) and the computer keyboard (34.7%) ( Figure 2 ). The toilet seat was the third site that most frequently failed the ATP monitoring, followed by the patient's call button.
Discussion
Environmental cleanliness is a key factor in the control of C. difficile, with the spores surviving for extended periods of time within the environment. Monitoring of cleanliness can be problematic, with visual assessment being very insensitive (Sherlock et al, 2009; Carling and Bartley, 2010) . Both ATP and monitoring using bacterial cultures have been used to demonstrate cleanliness levels, particularly when evaluating a change in cleaning methodology.In this study, the use of ATP alongside environmental audits, as part of a package to control clusters of C. difficile in period B had the effect of reducing the length of time the ward remained on the environmental audit, but this sustained reduction was maintained in period C when ATP was discontinued. Due to the small numbers statistical anaysis was not conducted. Review of monthly antibiotic audit at the trust showed a constant level of use and compliance within policy during the study periods. The antibiotic reviews which took place when the ward was on a PII were not analysed in this study. Although it is not likely that results would have affected how long a ward remained on the audit, further analysis would be useful. Overall trust numbers of C.diffiicle were similar in each study period although overall numbers were higher in period B as this was an eight-rather than seven-month period. The sustained reduction may indicate an increased knowledge by staff of the actions that are required to pass the audit and where cleaning needs to be focused. It may therefore be beneficial to target the use of ATP to wards that have not previously experienced a PII or when a ward remains on the audit for an unacceptably long time. There were differences between the three study periods with regards to the number of PIIs confirmed as outbreaks and the ward type. Period C had an increased number of PIIs confirmed as outbreaks and a greater number of the wards involved in the PIIs were critical care units. When audited the critical care units had high overall standards of infection control resulting in them having a reduced length of time on the audit. At the time of the study neither of the critical care units involved had any side rooms to isolate infected patients, which may have contributed to the original transmission.
No correlation was observed between the ATP scores and whether the PII was confirmed as an outbreak. However, there was a clear trend in improved cleaning week by week identified by ATP scores,indicating that ATP monitoring is a useful tool in PIIs, although because of the small numbers statistical anaysis was not conducted. ATP monitoring engaged both nursing and domestic staff, with immediate feedback of results providing a focus for discussion and implementation of improvement programmes. Reporting of the ATP results using a traffic light system was well received, being easy to understand and visually motivating, with all staff groups united in striving to achieve green.
Certain pieces of equipment had repeated high levels of ATP, with the top two being computers that are frequently touched by multiple members of staff, similar to results by Dumford et al (2009) and Po et al (2009) . This is in contrast to a study by Anderson et al (2011) where the levels of ATP for keyboards and mice easily achieved the 100 RLU set as the pass level in that study. In the Anderson study it was stated that the cleaning of the keyboards was the responsibility of the clinical support worker, but this is not the case in this study where no one person is designated. In addition some wards in the study, had introduced flat, 'easy' to clean keyboards, but this was not universal practice. Interestingly, toilet seats were the third most common site to fail, but the commodes rarely failed. Within the study hospital there has been a lot of focus on commode cleaning with frequent education and quarterly commode audits that were published in league tables. However, the same focus had not been placed on cleaning of toilet seats, which are a potential site for cross transmission of C. difficile. Another frequent touch point which is often neglected in cleaning specifications is the patient call button, which frequently failed the ATP pass levels -this is similar to the patient console in the Anderson study which also frequently failed.
ATP has been widely used within the food industry as a marker of cleanliness for several years, but has had a more recent introduction into health care and the acceptable standards are still debated. Griffith et al (2007) proposed 500 RLU as an acceptable level, while Lewis et al (2008) proposed 250 RLU as a more realistic benchmark. Correlating ATP monitoring to acceptable microbiological standards is also problematic. Initially Dancer (2004) proposed microbiological standards of 5 colony forming units (cfu)/cm 2 , but this has since been reduced to 2.5 cfu/cm 2 . Subsequent studies that have aimed to find that corresponding this to ATP levels have indicated that a benchmark of 100 RLU corresponds best with 2.5 cfu/cm 2 (Mulvey et al, 2011) . The levels used in this study reflected those initially proposed by Griffith et al (2007) and did result in positive improvement as levels were just achievable within the average six weeks that wards remained on the audit or tracker, which aided morale. A critisim of the study is the question over reliability of ATP scores particularly when items tested were being cleaned with chlorine releasing agents (Green et al, 1999) . Although sampling was carried out in the afternoon to try and avoid this it is still possible that some results may not have been accurate. However, unlike the results of environmental audits, which can be subjective and one person's opinion compared to another, the results of ATP provide numerical data, which staff on the ward are much more accepting of and therefore provides a good basis for discussions at a ward level. Due to removal of any criticism of an individual by another individual, results were seen as performance rather than deficiency orientated and therefore more motivating (Willis et al, 2007) . ATP monitoring has a useful part to play in the management of PIIs, particuarly in highlighting areas that require either more frequent cleaning or a change in cleaning regime. The inclusion of ATP monitoring on a weekly basis did not significantly decrease the length of time a ward was on an environmental audit, but it did increase the engagement from staff and aid the management of the PII. Future use of ATP monitoring could be targetted either as one-off uses or to reinforce good practice and demonstrate continuous improvement.
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